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Method a> 



reagent combination for determining 



^ The invention provides for detection of changes 
irTa nucleoside sequence based on the ^termination 
o, the nucleotide sequence over the region of inte 
«t The first step of the process involves oo y 
" amp'"!** DNA sample in which at eas one 
attachment moiety has been *™^«?£££ 
n» strand of a target polynucleotide by a moomea 

^S. - —. ™, «. », = - 

^fTSS tor a of cyc.es sufficient to 
Reduce copies o, « 

"pro'cS to ortan amplified sample comprising 
ScopieS of the target nucleic acid sequence bonded 
CO, 0 th e attachment moiety. After amplification, i . 
Ostrands of target nucleic acid polymer^ «rry.ng^^ 
attachment moiety are captured usin 9 attach- 
£j coated with an attachment site to which , the 
m pnv moietv or a modification thereof can oma. 
Z Z ' tne strands of target nucleic acid become 



nucleotide sequences. 

bound to the solid matr 
rated with the solid ma 
for sequencing. 



can be readily sepa- 
■n unbound reactants 



METHOD AND REAGENT COMBINATION FOR 

The present invention relates to a method and 
a reagent combination for deterrnin.ng ihe 
nucleotide sequence over a defined polynucleotide 
regtn and to the use of this method in identifying 
^l^netic information o, living organises is 
carried in the nucleotide sequence of the.r genome^ 
T Th» nrocess of gene expression the nucleotide 
"Juence is translated to amino acid sequences. • 
nroteins Minor changes in the nucleoli se- '° 
„ a finale base substitution, may result 

au «i tot 9 iven P^lns changes the phenotype 
n e the observable characteristics) of the organism 
nfthP cell which for instance may be observed as is 
a development of a disease. It would therefore b e 
Significant if changes in 

,aroe numbers of samples could be screened. Th.s 
w^Jd afford opportunities for diagnosis J - 
»rv nredisoositions or disease, detect,on of somatic 
mutations in cancer, and selection of cells and 
strains for plant and animal breading. 

The detectio n Ranges in ^ nucleot^ 

^^^^^^ 

mination of the nucleotide sequence over tne 
aion of the genome containing the gene of interest. 

mutation. It is only necessary o , onin n 
nf the region of interest and to compare this region 
^ sample with the same region in a "normal 

'''"Two basic approaches are in use for nucleotide 
ce determination These are the chemical 
meThod C of Maxam-Gilbert and the chain termination 
method of Sanger. Both methods are »eil J* 
crihed in contemporary biochemistry text books. 
fl nn to th ese two methods is the requirement 
?o sulmicrogram amounts of relatively pure target 
polynucleotide to be sequenced. In most cases th.s 
target polynucleotide is cloned by genetic engi- 
neer ng methods into suitable vectors for biological 
amplification in order to obtain sufficient quantities 
TnISc acid polymer for analysis The repeated 
replication reaction (see Kleppe et al., X Mol. BioL 
56 (1971). 341-361) has provided another way of 
amplifying given polynucleotide regions in vrtro. 
The method has later been applied by Mums et a,. 
,see EP 200,362). While this method provides sub 
stantial advantages in speed and effi ciency over 
the cloning method of producing adequate quan- 



DETERN1INING NUCLEOTIDE SEQUENCES 

titles of DNA, it does not provide a product which is 
directly suited for sequencing. Instead, the am 
Dlified region needs to be carefully purified e.g. ov 
e Urophoresis or ultrafiltration, from the amphf, a^ 
reaction mixture which if present during me 
fencing process would be deleterious for the 
sequencing. These purification procedure tend to 
he time consuming arguing against tneir 
routine analysis. m under i yin g the 

invention is to provide a method which 
permits a fast reliable, simple and optionally auto- 
matic detection of changes in a nucie 

»„™ which is well adapted for use as a routine 
lacnostic tool. This technical problem is solved by 
providing the method of the present invention j ^ 
me Wts to be used therein. These embodiments 
. ■ =h m inn claims. When applying the 
are characterized m we ^ 
method of the present invention, me 
, sity for cloning the target polynucleotide into spe 
cific vectors. Isolation of enzymatically am ^' f,e ^ 
target polynucleotide is simple and t ^.^.^ 

nUC T°he d method of the invention for detection of 
30 chances in a nucleotide sequence is based on the 
domination of the nucleotide seQ^ce over he 
reaion of interest. In accordance with tne inve 
region u, „ rnrfiss involves obtaining an 

ent moiety has been introduced into at least una 
strand of specific target polynucleotide c ,y a modi- 
tied polymerase chain reaction. This can be ac 
complished by combining a sample containing the 
40 target nucleic acid polymer w,t a 
nucleotide monomers dATP d CT P. d 
rlTTP) a DNA polymerase, tne nrsi =>' 

r ration primers Each of the amplification 
primers comprises an oligonucleotide having a re- 
« nion that is complementary to the hybridizes with a 
y . , /; Q nne nr the other of the two 

different strand (i.e., one u ' 4 . .. , rid 

co rr::d r tLfir2ecr:sT P i n e: c toNA 

^'ilmorizTtion by the DNA polymerase. At least 
one of the amplification primers further comprises 
a first attachment moiety bonded to the 
nlinonucieotide. The resulting amplification mixture 
■statedly cycled between a first condUion un- 
der which DNA polymerization occurs and a sec 
ond condition under which denaturation of double 
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number of cycles sufficient to P 

form an amplified sample comprising copies of the 
target nucleic acid sequence bonded tc ) the .attach 
me 9 nt moiety . A third incubatio " ~"^ 0n U ^ A 
wh ich annealing of sing, ^ | * 
occurs, particularly annealing ot tne y 

• tn the sinale stranded tem <<j 
S" ?rr y m «eous,y be incorporated 

. tn whirh the attachment moiety or a 
ment site to wrocn mo (he 

sS matrix and can be readily separated with the ^ 
„, id ma trix from unbound reactants. 

The purified copies of the target PO.ynucleot.de 
are denatured either before > mm0 ^ Z ^ " ( ° e ° n _ 
^und rea P cml° n and the se^e of the amplified 
target polymer is determined. For example^ chain 
termination sequencing ly . 
on th 9 denatured copies of the target poiy 
nnw actino as templates. The 
nucleotide, wh.cn are mu a nrnriucts 

newly synthesized sequencing reaction products 
are then released from the template and separateo 
and detected by size enC0 mpasses a 

The present invention aiso wi<- k 

„Ki^=.tinn nr kit for practising the meth- 
TT^tZo , While the P^e = ,n g 
will depend on the combinations °f attachmem 
moieties and attachment sites selected such , tat 
will in general include an amplification primer nav 
Tng an attachment moiety included and a support 
adapted to .mmobilize the ^^t°^' useM 

al ,east one 

notential nucleotide variation, said variation being a 
nucleotide replacement, deletion or ™on. ^ 
Thus, the method of the present invert 
,> ah iP in forensic analysis or the analys.s of 
appiicaDie Hiipases In some of 

hereditary predispositions or diseases. 
'hese analyses the nucleotide variation is a somaui. 

be applied in selecting 
plant or animal breeding 



3 present inve 



performing the ao 
quence of steps 



suitable for 
ioned methods, 
i schematic drawing of the se- 
used in one embodiment of the 



Fig. 2 is a schematic drawing of possible 
regions of complementarity between a target nu- 
cleic acid and a sequencing pnmer^ ^ ^ ^ 
d Jle Pr th" n nuc.eoS sequence of previously 
defined regions in ^plex nucleic ac«res. 

TelSedMhe '^n-te^rmination sequencing 
procedure of Sanger -d the repeated rep^ca on 
reaction (RRR)- The invention also utilizes ms 
rJLd hybrid conection ^-^Son 
the parent application, . • . b 

ciprial No 024.604, which is mcorporaieu 7 
feference'. The novel combination of these method 
In 'e present invention yields a facile and efticien. 
process for sequencing nucleic aci s w 

suited to the ^^^^.H sam- 

In accordance with tne invent. . 
pie of target nucleic acid is first amplified using a 
Seated replication reaction (RRR) in whic one or 
both of the ^pmication pnme a re m ^ 

inC,Ud h 6 a o n , a'" S rZ P-Tne -get sequence of 
member of an artinrry m» num hsr of cy- 

interest is amplified with a suitable number w 

■ cles of this modified RRR-reaction. Then the sa 

■ r/^ay be treated to render 

C,6iC ^"^^ ^ " 

oo'und'to a solid matrix coated with a complemen- 
0 tary attachment site. e.g. the other componen ^ 
an affinity pair. The matrix 1 D0SSi ble to 

move a || unbound material. It is a P 

, s stranded adsorbed nucleic acid mo^cues _ ° 

stranded form would °e done after mm ^ 
nrS.rntS^ complementary strand 
even though it may not have been synthesized wuh 

< 0 an attachment moiety. 

^.^Sin -lid support onto 

,5 is then introduced into the reaction m,xt "^ . 

. . ^nation seauencing process, one reaction 
cha ,n ^ r ( m ; n ^ n S u e c q ^, de 9 A M c .G. or T, The poly- 
mTrizaton step is allowed to proceed on the 
beads. Then the beads may be washed ^des-e^ 
50 whereafter the polymerization p 

from the beads and analyzed by gel eiec 
described for a number of manudi 
a^or automated sequencing, p^col, Mr 
a modification of this process the essen ,m y P 
55 complementary strand eluted from " ' °° em 
■--i strand is used as the sequ 
both amplification primers are 
itferent attachment moiety and th( 



plate. 



ing 



amplified DNA is "attached" to different physically 
Z Zl -.rices, both strands can be mo uce 
into the same sequencing react,on mixture and m 

m which they are attached can be sepa- 
"ted' r om each other as late as just prior ^«o the 
naturation and gel electrophoresis, mis 
final ena " ,p nuen cinq both strands simulta- 
reous,' with separation o< the two not occurring 

-ri^ic^nr^r-^ 

Z The 'different modes o, practising the present 
.nvention are now detailed. 



(a) Modification of target nucleic acid tragi 

with attachment moieties. 

The source of the target nucleic acid (DNA or 

RNW to be analyzed by the method of the .nven- 
1 he anv human cell, animal cell, plant cell 
ormicrobe The target nucleic acid can be isolated 
from biological samples by conventional nucleic 
acid purification methods but accord.ng to the 
present invention it is also possi 
nurified biological samples directly. 
P the method of the invention attachment 
moieties are introduced into the target poly- 

attTcCeTmolety. For purposes of this application 
and'the claims hereof, an affinity moiety is a corn- 
« h=„inn affinitv for another component wmcn 
Cs a"ity pair by preferentia.ly and I selec- 
tively binding with that other component. For exam 
^ "biotin/avidin or streptavidin. compleme a 
polynucleotides, inc.uding homopo.ynuc.eot.de 
such as poly dA/poiy dT and poly dG/poly dC 
hapten,ant,body. and metal/chelate are such , ajrv 
it y pairs. Any component pairs with str ° n 9J™ ™ 
for each other can function as an aftim'-' 
attachment moiety is an affinity moiety < 
omvndino a site for the attachment of 



,ne embodiment of the method of the inven- 
3 modified primers are used. The primers 



.dified « 



rent attach- 



,e method of the in ^ io ^ he ^^ 

triphosphates and a nucleic 
■ d svnthesizingTnzyme. such as DNA poly- 
merase are combined. Repeated cycles of de- 
puration of the target, annealing of the primers to 
the taroet strands and enzymatic elongation of he 
the targe^ ^ according to any repeated 

replication reaction protocol for as many cycles as 
necessary to obtain a quantity of nucleic acid suni 
ci ent for use in the DNA sequencing reaction to e 
F use in chain termination sequencing re 
tons at least 10'° molecules of DNA are prefer- 



ably c 



tained. 



' As a result of the process, copies ; of the . origi- 
nal target polynucleotide, now ™/T 8 ° ration of 
monl moieties are produced by incorporation or 
7 d1f.ec "primers into the newly synthesized 
polynucleotide molecules. When only one of the 
rimers is modified, polynucleotide molecules with 
nne strand modified with an attachment moiety are 
nthPs'zed The use of two differently modified 
p me s each adapted to hybridize with a different 
strand of the target nucleic acid, produces ; poly- 
nucleotide molecules with one strand modified 

e Ichment moiety and the other strand mod - 
Id with a different attachment moiety. A special 
case is obtained when one of the primers is modi- 
fied with a polynucleotide attachment mo'ety. " 
.wc r KS the other strand becomes modified wi 
5 me complementary sequence during the RRR-prc, 

S modified target DNA produced ,s limited 

by the capacity of the repeated replication reacr . 



of single stranded target poiy- 



iety 



nucleotide 



The oligonucleotide primers may be syn e- 
s.zed by standard chemical methods. Also recom- 
binant DNA techniques may be used for e pr 
aration of primers The size of the primers is pref- 
prablv between U and 40 bases, but primers of at 
" st V 8 bases or considerably longer than 40 bases 
may Lo be used. The primers are modified with 
the attachment moieties using chel ™ ca ' or ®"'f 
t'c or any other methods. Preferably the attach- 
ment moiety is attached to the 5 end of the 
primer Other sites of attachment are also possible, 
provided that the base pairing property of the prim- 



mer synthesis the modified target poly- 
nucleotide is captured on a solid matnx. to which 
u „t cita has been attached. For pur- 
an attachment site nas umn here of an 

p0S es of this application and the c . • 

lively bond with the affinity moiety used * or 
subseauently bonded to the attachment ™ y 
corporate in the amplification pnmer^ 
strand of the target polynucleotide is modified wnn 
an affinity moiety, one solid matrix is used, and 
when both strands are modified, two different solid 
matrices are used. Preferably the two matrices 
selected such that they can be physically sepa- 
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rated from each other. Alternatively, the capturing 
of me two differently modified strands can be oo 

U *TloMZ°r\TcZVe d an^format such as 
beads "microparticles. the surface of^ ^^otrtra- 
tion well ° r ^^^^gy foMnstance be polysty- 
matefia Pih.lr.se latex nitrocellulose, nylon, 
^acrylLioe, dextran or agarose. The only prer- 
equisite for the material of the matrix is that tne 

sE nt amount of the modified target poly- 
ucleotSe as well as the excess of the modified 
imer present which will also be captured. How 
9 2Z the use of a matrix which easily can be di- 
ever.tne us« u> , = ,, oH p n a larqe number 

vided into portions is preferred, e.g. a ia.y 

matrix articles of lesser binding capacity as 
opposed to a few matrix particles of very high ^ 
capacity. . be 

The modified target nucleic acio w 
brought into contact with ^^^f^^ 
was carried out. The mixture may also be diluted, ^ 
or its composition may be changed to obtain con- 
ditions favorable for the reaction between the com- 
ponents of the affinity pa^ 

When two affinity pairs are u» , 
polynucleotide is preferably denatured before the 
affinity capture reaction to enable separate collec- a 
Hon of the two strands on different affinity matrices. 

these two different affinity matrices can be phys- 
icaliy separated from each other e.g. after sequen- 
cing reaction stage, the two matrices can be nan 
died as one in the capturing stage »nd in 18 
™n^,n stans When the target is> 
sequencing reaction stage, v 
modified in one strand only, rt is optional to de 
nature the target before the capturing reaction. 

The attachment moieties of the target poly- 
nucleotide are allowed to react with t e ^m 
bilized complementary attachment site for a suiti 
Sent time period to recover a substantial P 0 ™^ 0 ' 
deling "on the kinetics of the binding reaction 
In the case that the attachment moietv is no. u 
rectly bondable to the attachment *Ue this 
further involve the introduction of a linking muioiy, 
molecule with separate binding sites for the at- 
tachment moiety and the attachment site which can 
S a link beLen the two. After the capturing 
reaction the bound target polynucleotide is sepa- 
rated from unbound material, including excess 
mononucleoside triphosphates, unmodified primer, 
enzyme, salts etc. by washing the matrix under 
suitable conditions. The separation procedure de- 
suuauiB , the matrix, and may 

oends on the physical form ot me man 
for instance be centrifugation, magnetic separatton. 
a column procedure or rinsing of the surface of the 



matrix or combinations thereof. 

After the washing P rocedure nd f r e , ™bo*und 

trea ted u ° de '^*™*£VZri- Any condi- 
targe » P^ucleotide^sing^^^ po|y _ 

nucleotide such as heat, alkali or enzymes, but do 
not affect the bonds ^tween^e compo nentoo. 

lorvt the tar'getTo'ynucleotide was not denatured 
y » ■„„ roartion When denaturation 

before the capturing reaction, 
was done before the capturing reaction tn.s «m 
advantageous, but optional, to ensure t a 9 

• , h . t have reannealed during tne 

molecules hat may have ^ Qf 

captunng step^ are ^denat^ ^ ^ 
^attachment site are complementary nucleic 
acid strand* In this case. ^.^^^ppon 
cede attachment since the in 
would otherwise be lost. ., 
Furthermore in another variant ot tne inve.mu . 

■ « d.,.. U r,«.n' ...» p«»™" » » «' 0 r„; 

5 ^ces^mononudwside triphosphates, primers 
and other components of the RRR-reaction a 
be sequenced by conventional sequencing 
tion or used for some other purpose. 



i The sequencing rs 



nucleotide fragments may be performed using tne 
h in termination method. The method is based on 
Jhn'use of deoxynucleotide analogues which are 
randomly incorporated by a polynucleotide syn- 
thesizing enzyme into a growing P°'y™« 
strand to give specific chain termina ion . ^ ^ 
termination can also be ac ieve deoxynucleoside 
concentrations of one o e 
triphosphates. rhain ter- 

The necessary components ot tne c™" 1 
mination sequencing reaction are a sequencing 
primer a polynucleotide synthesizing enzyme, tne 
rhain ' terminating dideoxynucleotides, deox- 
cleotideT and I detectable label. According to 
the oresent invention the different standard labora- 
, toy oTocols for sequencing are applied to 
■ „ » h _ immobilized target polynucleotide. 
< addi^'of the components of the 
sequencing reaction may vary, depending on the 
aff^'y matrix used and on the chosen protocol. 
5 As shown in Fig. 2, the sequencing P^ 9 ^ ^ 



5 
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between 



,n of interest in the target nucleic 
acid polymer and the 3 ' end of the ^P^on 
nr me? (A) or it may be partially overlapping the 
primer (A). o. ^ ^ & way {hat its 3 e nd 

^npJrr least one nucleotide, but preferably 5 

man 3 nucleotides of the 5 end of the target 
™?Mpir Tcid polymer (B). The sequencing primer 
m : also fail entirely within the ampl^on primer 
ho the same as the amplification primer ^u,. 
The choice of sequencing primer depends on ' 
the purpose of the analysis. A primer distinct ^ rorn 
the r RR primer wiU increase the spec.fic.ty of the 
sequencing reaction, because sequencing of wrong 
fragments possibly produced in the RRH is a 
ed Thus a sequencing primer distinct from the 
amplification primer is preferred. On the owe 
hand more prior information of the sequence of the 
amplified fragment is needed to make such p 

The label for detection of the fragments pro- 
duced in the sequencing reaction can be in ro 
duced by "Sing ^^-^"0 
may toan^soto^such a's »P. or a fluorescent 
„ rnlin or anv other detectable label, or a group 
p odding a site for later attachment of a detectable 
ZZ The label can also be introduced using deox- 
, otiric derivatives labelled with an isotope, 
such as "S or *P. or with fluorescent or other 
detectable labels. The labeling moiety is incor- 

substantially all of the nuclei 

pven very short fragments. 

The matrix carrying the polynucleotide frag- 
ment is suspended into a suitable solution contain- 
ing the sequencing primer. The primer is prefer- 
ably added in equal ^^^^^^lowed 

temperature and for a sufficient time depending on 
hT size and amount of the primer used. It should 
h feed that when both strands of target poly- 
nucleotide are modified and bound to different af- 
finif matrices which can be physically separated 
from each other and handled now as one, two 
different sequencing primers are used. 

If a dividable affinity matrix, such as beads, is 
used it is convenient to divide the sample afte 
annealing of the primer into four parts of the m 
dividual sequencing reactions. If an undividable af 
finity matrix, such as a microtitration well « .used 
, 0U r parallel reactions are prepared at the affinity 
ranturino step It is also possible to carry out the 
four reactions sequentially on the same carrier by 
eluting the product of each reaction before carrying 
out the next one In certain cases enough informa- 
tion is obtained using only one, two, or three reac- 
tinns For example, if a genetic defect is known to 



noint mutation at a single specific site 
wn!ch islrmally C it may be sufficient to run only 
the C reactions since * ^ 
nucleic acid residue at this pouu 
The relevant fact is that the resid ue is "° n ^. 

After annealing, a polynucleotide synthesizing 
enzvme such as E. coli DNA polymerase I or i 
DNA polymerasarand mixtures contam.nc , the 
h in terminating dideoxynucleotides. deox- 
ynucleotides. and if unlabeled primers were used, 
labelled deoxynucleotides at suitable 
depend on the enzyme used and on the - ' 
target, are added. The P^— t0 
allowed to proceed for a sunicieni f 
S a substantially complete distr.but.on of 
f nt sizes at a temperature that depends on 
th 3 e 9 enzyme and conditions used. Finally, a chase 
reaction with deoxynucleotides .s carried ou 
complete ^ '^^J^n-^e 
strands which have 

tion is then stopped. ,« in itv ma- 

in the method of the invention tne an, y 
trix may be washed at this stage to remove the 
components of ^e^quencing^reactio. Jhe^c^ - 

5 rSn' the most' favorable conditions for the 
analysis of the synthesized fragments. If both 

target DNA is rendered single stranded and the 
" thes zed fragments from the four sequencing 
reactions are separated by electrophore , ^ or an 

t u„ cr>t^ nf the qel for the elec- 
sample into the slots of the g ^ ^ 

trophores.s step. This gives an au a 

handlina In the electrophoresis siep m« 
40 distrSn of the fragments is analyzed. The de- 
tection procedure may vary depending on the a e 
used . With isotopes the gel is prepared b^r x-g 
, h e drying and exposed to an x-ray film accord ng 
tandard procedures. With fluorescent labels the 
' 5 'fragments are detected using automatic ^|P™ ent 
developed for this purpose. The size d,st.buW o 
? he polynucleotide fragments produced by the 
n„Pncino reaction produces a pattern called a 
50 Sequencing ladder" which gives the nucleotide 

, minnt be prepared comprising pacK- 

example, kits mignt be prep amp ,ification 
55 aged combinations of one or , k 

primers which include attachment moieties and the 
corresponding solid supports. Kits might also 
nreoared which further include a sequencing prim 
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er or a reference means for 

d rr tssv*- l " aX. * 

3 r n h cV m e e q an e s incite « 

attachment moiety attachedjo^so^ ^ ^ 
handled in a similar ma 

"^'arrangement . of the >^*^s P ecZ 

^ S :l2« > Of ou 2 . «h -gent can be 
reagents involved. ul container, but various 

imitation's may also be possible. 

attachment ^ ^ d 0 ^ e R RR l r eactlon. both can 
urd er the » conj-fons t ^ mjght be 



Determination of the nucleotide , 
biotinylated cytomegalovirus una 
hilized on avidin-microparticles 



S^tslnerrized with the restriction enzyme Eco 
Hi' The primers flank a 115 bp region ,n the CMV 
Hind IHl_ fragment. 



sr Extension Reactton-Am^ 



Biotin was ,ntroduced into a 165 base pair 
traolnt of the CMV DNA by 25 

r-r-atinn bv the repeated replication reaciu 
K'u^nrl^eS-biot.nylated^mer^ e 

rMV^Hind'lHL fragment" 100 pmol each of the 
CMV Hind nit "<»y mononucleoside 
primers, 200 urn each °< <J e < rjTTP) in 100 
triphosphates (^J^^ t , s . HC l, oH 8.35, 50 
m'^KaTe'mM MgCI. and 0 1 ^'^n 
0.5 ml Eppendorf tubes under a layer 

Paraffin 7 0 :mTrreTre^e" 

tr^h ch 2U o U Tnermus agua^cus DNA-poly- 

me'ase New Engla-^ioTabs) was added. The 

™e7 were then P rocessed !° r 25 CY ° e X ten- 
° i™«s- Primer annealing at 55 C for 1 mm., ex en 
th fi orimers at 72' C for 3 min.. denaturation 
Sion Of the primers ol 
01 the template at 95 C for t mm 15 sec. 



Synthesis of the Primers 

The primers were synthesized on an Applied 
Biosystems 381 A DNA synthesizer by the 
phosphoramidite method. The primers 
25A and 25B) were 25-mers w,th the following 
^^O^OCTCTTTCCCGeCCTGGC 
2 5B 5 -OCT CTG CGC GAA CAT GTA GTC GGC 
" A s'-terminal aminogrouo was added to the 



25A- 



e synth 



tne amlno^Y reagent (Applied Eastern, P/N 

40 r 0 N 8 HS^n am rPie 9 :ce UP « The 
^^oligonucleotide was purified by HPLC 
on a reversed phase C-18 column. 



Capture of the B^ed AmpWied ^DNA on 
— ^ d Tn-^a7eTPoi^>£!]£ Partcles. 



A 25 Ul sample, which ^tained a jj°* 
fragment, which ^ coi|ected frQm 

tain6d tin mixture by incubation with 5 ul of a 
£ Son of avidin-ccated oc^ene partly 
(0 . 8 um . Pande* ■ ™« ^, ^ by can- 

, n g0.1% < r ' t0 " d DNA was denatured by treat- 
ITwith 200 Ul of 0.15 M NaOH for 15 min^at 
37 - c , th particles were ^nally 



Sequencing of the immobilized DNA Fragment 

The microparticles carrying the DNA fragment 
we re suspended ,nto 10 Ul o< 40 mM Tris-HC . pH s 
- 5 2 o mM MgCIa, 50 mM NaCI, 100 ug/ml bo« ne 

1 =ih„min containing 0.06 -0.08 pmoles of the 
S 2 5 r B prfme The primer was allowed to anneal for 
m min at 55" C followed by 30 mm. at ^- 
Then 2 Ul of "S-labelled dCTP (600 Ci/mmoh >. 
Amersham) and 1 ul (5 units) of E. coh DNA 
polvmerase (the Klenow fragment; . Boehnnger 
Mannheim) were added. The suspension was ui 
vided into four test tubes. 2.5 ul in each, for the 
individual sequencing reactions. 2 ul of deoxy- .and - 
dideoxynucleotide mixtures were added to yield the 
followinq final concentrations: 

reaction- 125 uM dGTP, dTTP, 16 uM dATP, 
^oriTau.d^dTTP.dATP^OuM 
Section: 125 uM dTTP, dATP 16 uM dGTP, 200 
T-reactorTl25 uM dGTP, dATP 16 uM dTTP, 500 

UM MTT L was allowed to proceed for 20 min. at 
^mwmoerature. Then 2 ul of a 2 mM solution of 
the'taur dNTPs were added, and the chase reac- 
tion was allowed to proceed for 20 min. at room 
temperature. The reaction was stopped by add.ng 
4 ul of 95% formamide, 20 mu EDTA, 0.05% 
bromophenol blue, 0.05% xylene cyanol. The sam- 
ples were heated for 3 min. at 98 C. The tubes 
were centrifuged and 3 ul of the supernatant was 
loaded on an 8% polyacrylamide sequencing gel. 
The samples were electrophoresed, the gel re- 
moved fixed and exposed to an x-ray film accord- 
' standard procedures. After development 



exceptions: „ impr , 2 SB) was labelled us- 

The sequencing primer i^d) ° 

oligonucleotide primer and 14 pmoles of garnma- 

32p_ATP (> 5000 Ci/mmol; «" l ° r ^ am) wer 



ing 



icing U 



The whole procedure 



rally a 



,mple 



ailing r 



samples from the sequencing reaction were 
directly onto the gel without prior remova 
microparticles. Sequencing ladders iden 
those in Example 1 were obtained. 



ties of 10 7 cpm/pmol were obtained. 

For the sequencing reaction the m.cropartic s 
carrvinq about 0 02 pmoles of the amplified DNA 
fraoment were suspended in the sequencing buffer 
(see Example 1) containing 0.1 pmole of the label- 
ed PSB-Drimer The primer annealing reaction was 
as in Example 1. Then 1 Ul (5 units) of DNA 
polymerase was added and the suspension was 
divided into .our parts, 2.5 ul each. 2 ul of deox 
and dideoxy-nucleotide mixtures were adaeo 

A-^acTort^uMdCTP, dGTP, dTTP, 16 uM 
riATP and 250 uM ddATP 

C reaction: 125 uM dATP, dGTP, dTTP, 16 uM 
dCTP and 80 UM ddCTP 1fi , (M 
G-reaction: 125 uM dATP, dCTP, dTTP, 16 uM 
dGTP and 200 uM ddGTP 

T reaction: 125 uM dATP, dCTP. dGTP, 16 uM 
dTTP 500 uM ddT-TP. 

The chain termination and chase reactions, as 
II as analysis of the produced fragments were 
carried out as in Example 1. Clear sequencing 
ladders were obtained also in this example. 



In this example the RRR-primer (amplification 
primer) and sequencing pimer used were non-i en- 
Li The sequencing primer was located a a 78 
base distance from the amplification P r,me ' 
the biotinylated 5'-end of the amplified fragmeru. 

The PCR-amplification was carried out with the 
biotinylated primer 25A and a 25-mer primer, de- 
noted 25C with the following sequence: 
5 -CAG GGT CAC TGA CAA CAG CCG CCC T. 
The primers 25A and 25C flank a 209 bp sequence 
in the CMV-genome. 

The amplification and capturing procedures 
were as described in Example 1. The primer 258 
w „ | abe || e d with 32 P and used as sequencing 
primer at the conditions described in Example X 
The obtained sequence was identical to 
obtained in Example 3. 



this example ^-labelled primers were usi 
j sequencing reactions. The procedure w 
d out as in Example 1, with the follow. 



Example 5 

.II processes were carried out as in Example i 
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except for the affinity-capturing stepjn this exam- 

trix The beads were 2 urn in aiameici 
paramagnetic nucleus with a spherical polystyrene 
^ coated with streptavidin. The beads 
(Dynabead 280-Streptavidm) were ob "'" e T£ 
Dvnal Norway Before use the beads were washed 
once with phosphate buttered saline (PBS). 

As in Example 1. 25 ul of the sample contam- 
,na the amplified DNA fragment was analyzed. 5 ul 
o, 9 a 4% suspension of the magnetic be*,PB 
were added and the capturing reaction was aiiowea 
To nroceed for 30 min. at 37* C in Eppendorf tubes 
!n a rotaSg mixer. The beads were separated from 
t, ointinn for 1 min using a standard laboratory 
Magnet and the solution was discarded. The beads 
were washed three times with 1 ml of PBS by 
vortexing followed by magnetic separation as 
above The bound DNA was denatured by treat- 
ment with 200 u, of 0.15 M NaOH for f^ 
37' C The beads were collected and washed twice 
with PBS and once with 40 mM Tris-HC, P H -5. 
20 mM MgCL 50 mM NaCI. The sequencing of the 
immobilized DNA fragment was as in Example 1. 



The RRR-amplif 



mple tl 



:ation and capturing proce- 
>ut as in Example 1 . In this 
strand of the amplified DNA 
t the denaturation step was 



sequenced. „»-i n 

The 200 0.15 M NaOH supernatant contain 
ina the DNA-strand eluted from the affinity matrix 
was neutralized by the addition of 20 ul of 1.5 M 
acetic acid and 12 Ul of 3 M sodium acetate (pH 
7)° The DNA was precipitated with ethanol and 
dissolved in 10 Ul of the sequencing butter (see 
Example 1) containing the sequencing pri ^ ^ 
ZrTpLi,:e 0 d e m U l,Im;irrcle 0 ar sequencing 
ladders were again obtained. 



tne apolipoprotein E (apo E). This orote n plays an 
, m por,ant role in the ^'^^Z ^ 
common isoforms of apo E <E2, K and E4). e 
coded by three different alleles < e 2. , I and ,4^. 
exist in the population. The genetic variation o 
ih e alleles is due to single base substitutions at 
amino acid positions 112 and 158. This genetic 

^7etcUdu7v^^ 

levels and is thus of major clinical significance 



Four primers (P1 -P4) were synthesized on an 
Applied Biosystems 381 A DNA W*"*^ 
nucleotide sequence of the primers an i 
tion (given as nucleotide numbers) 

"pfs'-TCG CGG GCC CCG GCC TGG TAG A 
pTV-GaTcAA CTG AGC CCG GTG GCG G 
pTV-GGa'tGG CGC TGA GGC CGC GCT C 

(4012 - 4034) „ r ^ ar P9 

A 5'-aminogroup was added to the primer P2 
with the aminolink II reagent (Applied Biosystems). 
The amino group was biotinvlated using sulfo-NHS- 
• b i 0 tin (Pierce Chemical Co.) and punfied oy 
versed phase HPLC. The sequencing primer (HJ) 
was labelled with [gamma--P]dATP and T4 poly- 
5 nucleotide kinase to a specific activity of a 4 .< 1 0 
cpm/pm. 



The DNA Samples 



,,„,, nf known Apo E phenotype attending t 
tiems ui m, k university Cent 

Lipid Outpatient Clinic or me u ' . r __ t 

Hospital of Helsinki. Leukocytic DNA was extrac 
according to standard procedures. 



„, of genetic polymorphism of the 
apolipoprotein E by sequencing immobilized 
biotinylated apolipoprotein E DNA fragments 

This example is given to illustrate the con- 
veniency of the method of the claimed invention tor 
the diagnosis of genetic diseases. The method was 
applied to the analysis of the genetic vanat.on ot 



The DNA (100 ng per sample) was amplified 
tn {n pi a nd P4 primers (final concentration i 
T M ) in 100 ul of a solution of °;2 ™ M °»f * 
dATP, dCTP, dGTP. dTTP, 20 m p, n i ^ 
R8 15 mM (NH)iSOi, 1.5 mM MgCIs, U.i 
tween 20, 0.1 mg/m, gelatin and 2.E .units of The, 
mus aquaticus DNA-polymerase (Promega) 




DNA thermal cycler (Perkin-Elmer /Cetus) for 25 
cycles of 1 min. at 96 C and 2 min. at 65 C. A 
small aliquot (3 ULl of a 1:100 dilution) of this first 
amplification mixture was transferred to a second 
amplification. This second amplification was earned 
out at the conditions described above and directed 
by a pair of nested primers one of which was 
biotinylated (biot.nylated P2 and P3). 

Affinity-capture of the Biotinylated Amplified Apo E 
DNA on AvidTn-coated Polystyrene_ Particles 

a 25 ul aliquot of the second amplification 
mixture was diluted to 50 ul with 0.15 M NaCI. 20 
mM Na-phosphate buffer, pH 7.5 (PBS), after which 
5 ul of a 5 % (w/v) suspension of avidm-coated 
polystyrene particles (0.8 um, Baxter Healthcare 
Corp) were added. The samples were .kept at 
•V c for 1 hour. The particles were collected by 
-entrifugation for 2 min. in an Eppendorf centrifuge 
and were washed twice by vortexing with 1 ml of 
15 mM NaCI, 1.5 mM Na-citrate, and twice with i 
m! of 0 1 % Tween 20 in PBS. The particles were 
treated twice with 0.15 M NaOH for 15 min. at 
37' C, followed by two washes with 0.1 % Tween 
20 in 50 mM NaCI. 40 mM Tris-HCI, pH 7.5 and a 
final wash with 0.01 % Tween 20 in 50 mM NaCI, 
40 mM Tris-HCI, pH 7.5. 



n of the Immobilized DNA 



suspended in 1 - 

40 mM Tris-HCI, pH 7.5, containing 0.5 - 1 pmol of 
the sequencing primer P2 or P3. The tubes were 
heated at 65' C for 2 min. and allowed to cool 
slowly to room temperature. One ul of u.i iw 
dithiothreitol 2 5 ul of H 2 0 and 2 ul (3.25 units) of 
T7 DNA-polymerase (SequenaseTM, United States 
Biochemical Corp ) were added and the tubes were 
kept at 22- C for 3 min. An 

[ItnZ^TlZ^TefZl^n mTxture (80 uM 
dNTP 8 uM ddNTP for the A and T reactions; 320 
uM dNTP 8 uM ddNTP for the C and 0 reac- 
tions) The tubes were incubated at 42 C for 6 
min. and the reaction was stopped by adding 4 ul 
of a solution containing 95 % formamide. 20 mM 
EDTA. 0.05 % bromophenol blue and 0.05 % — 



e cyanol. The samples w 



e heated at 80 C for 



-nin. and the particles were spun down for 2 mm. 
The products of the chain termination reactions 
were run on 6 % sequencing gels. The elec- 
trophoresis was carried out and the gel was pro- 



cessed according to standard procedures. The cor- 
rect allelles were identified from the sequencing 
ladders obtained In heterozygous samples both 
alleles were identified as superimposed sequencing 



Claims 

1 , A method for determining the sequence of a 
target nucleic acid polymer comprising: 

(a) combining a sample containing the target 
nucleic acid polymer with a mixture of nucleoside 
triphosphates, a nucleic acid polymerase, and first 
and second amplification primers, each amp i ica- 
tion primer comprising an oligonucleotide having a 
region that is complementary to the hybridizes with 
a different strand of the target nucleic acid polymer 
and being effective as a primer for nucleic aci 
polymerization by the nucleic acid polymerase ^to 

LmpUffcation pril^rfCrth^rcorriprises a first attach- 
ment moiety bonded to the oligonucleotide: 

(b) repeatedly cycling the amplification mix- 
ture between a first condition under which DNA 
polymerization occurs and a second condition un- 
der which denaturation of double stranded DNA to 
single stranded DNA occurs for a number of cycles 
sufficient to produce copies of the target nucleic 
acid polymer in a quantity suitable for use in a 
DNA sequencing procedure to form an amplified 
sample comprising copies of the target nucleic acid 
sequence bonded to the attachment moiety; 

(c) adding to the amplified sample a plurality 
- of first supports, each comprising a solid matrix 
and a first attachment site which is capable of 
immobilizing one strand of the target nucleic acid 
polymer through the first attachment n ™2. y; , 0 inter . 
o act with d) the°first 9 attachment moieties such that the 
copies of the target nucleic acid in the amplified 
sample are immobilized on the first supports; 

(e) separating the immobilized nucleic acids 
from the amplification mixture; 
35 (!) denaturing the amplified nucleic acio 

„ mD i e to form single stranded nucleic acids; an 

(0) determining the sequence of the singie 
stranded nucleic acids. 

2 A method according to claim 1 , where n 

so step of denaturing the amplified sample is per- 
formed prior to immobilizing the copies of the 
target nucleic acid on the support. 

3 A method according to claim 1 or 2, wher i 
the sequence of the single stranded immobilized 

ss nucleic acids is determined using a chain termina- 

tl0n method according to any one of claims 1 
to 3, wherein said first attachment moiety and said 
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first attachment : 



imponents of an affinity 



pai 



5 A method according to claim 4. wherein the 
affinity pair is selected from the group cons.sfns i of 
b avid,n, biotin/streptavidin, P^olydT^ 
P oly-dG/poly-dC, hapten/ant.body and 

metal/chelate. Haims 1 

« A method according to any one ot cia 
=T herein said second amplification primer 
Prises a second attachment moiety different 



''"VA^memoTwcordlng to ciaim 6, further 

the step of adding to the amplified sample a 
Ir'alUy of second supports comprising a support 
matn! and a second attachment site capable of - 
immobilizing one strand of the target nucleic acid 
polymer through the second attachment rnoieiy. 

' 8 A method according to claim 6 or /, w er 
said second attachment moiety and said second 
attachment site are components of an »W P» 

9 A method according to claim 8. where the 
affinity pair is selected from the group consisting of 
biotirlvidin biotin/streptavidin. poly-dA/poly-dl. 
poly-dG/poly-dC. hapten/antibody 
^Trrethod according to any one of claims 6 
to 9 wherein said first and second supports are 
concurrently present in the amplified sample an 
are selected so as to be physically separable from 

each other. wherein 

11 A method according to claim m. 

one of said first and second supports are magnetic. 

12 A method according to claim 10, wherei 
one or both of said first and second supports is a 
dipstick.^ ^^^^ accord . ng w apy Qne of c|ajrns 1 

to 12 wherein the sequence-determination process 

includes the steps of 

combining the single-stranded immobilized nucleic 
acids with a sequencing primer and a sequencing 
mixture comprising nucleoside triphosphates, one 
chain terminating nucleotide, a polynucleotide syn- 
thesizing enzyme and a labeling moiety whicn i 
incorporated during nucleic acid synthesis; 
allowing polymerization to ^'J^^^ 
inccuT'toTermit determination of the sequence to 
form a partially polymerized sample; 
aridina a completion reagent comprising a mix ure 
Nucleoside 'triphosphates to the partially poly- 

merized sample; , 

allowing polymerization to occur in the comple ton 

reagent for a period of time sufficient to su s an 

tialiy complete DNA synthesis; 

separating the completely polymerized sample 

from the completion reagent; 

releasing the polymerized nucleic acids from the 



denaturing the polymerized nucleic acids to render 
them single stranded; 

■ a the size of the single stranded nucleic 
^polymers to determine the sequence of the 
target nucleic acid polymer. wherein 
14. A method according to claim l ^ ^_ 
the sequencing primer is an oligonuc eo i 
I Ld from among oligonucleotides comp em^ 
tarv with at least a portion of the amplificatran 
□rimer and oligonucleotides complementary with a 
cordon of the target nucleic acid polymer wh.ch is 
located between the 3 end of ^ the amp I ca t on 
primer and a region of interest ,n the target 

aC, ^ P s °Tmethod according to any one of claims 1 
to 14 further comprising the step of incubating e 
amplification mixture at a temperature selectedjo 
promote annealing of nucleic aci s 
^'TrrrforTse in determining the sequence 
3 of a target nucleic acid polymer comprising ,n 
packaged combination „, le : nn an 

P (a) a first amplification primer comprising an 
cleotide which is complementary to ana ny- 
bridizTs with a portion of the target nucle.c acid 
polymer and which is effective as a primer or 
enzymatic nucleic acid polymerization and 
attaC 7bTa7ura^ a on,rst supports, each compns- 
30 inq a solid matrix and at least one attachment site 
wh V h is capable of i™™^'" 9 ^ 
oiigonucieotide of the amplification probe through 
the first attachment moiety. 

17 a kit according to claim 16, wnerem 

3S attachment moiety and the attachment site are 
components of an affinity pair. hB , p j n the 

18 A kit according to claim 1 /, wnere 
affinity pair is selected from the group consisting ot 
SnLidin biotin/streptavidin, poly-dA'poly-dT^ 

.o poly-dG/poly-dC, hapten/antibody 

metal/chelate. rlaims 16 to 

19 A kit according to any one ot c,a 

18 wherein the attachment moiety does not torm a 
bond directly with the attachment site, further corn- 
, 5 prising a linking moiety ^'^^"J^ at- 
tachment site. , . 16 t0 
20. A kit according to any one ot cla,m * herejn 
19. further comprising a sequencing pnn ^ t ™ e sg _ 
50 the sequencing iS ^J^^en- 
lected from among oligonucleotides c » 
tarv with at least a portion of the amplification 
primer and oligonucleotides ^f^"^ * 
portion of the targe, nuclei . acid poy 
55 ^^ann^io" f intent t the target nucleic 



;id polym 
21. A V 



ording t 
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, (,,rthor rnmDrises a detectable 

sequencing primer lunner lui y 

' ~22 Akit according to any one of claims 16 to 
21 further comprising a reference means for com- 
parison of the determined sequence of the target 
nucleic acid polymer with the sequence of a stan- 

23 A kit according to claim 22. wherein the 
reference means is a package insert showing the 
sequencing ladder obtained from sequencing of the 

StantJard ' , • 00 wherein the 

24 A kit according to claim it, wner«m 

reference means is a sample of the standard. 

25. A kit according to any one of claims 1b to 
19 or 22 to 24 wherein the oligonucleotide of the 
amplification primer is complementary to and hy- 
bridizes with a portion of the target nucleic acid 
po l ymer which is derived from a target organism. 

26. A kit according to any one of claims 16 to 
25, further comprising a second amplification prim- 
er comprising an oligonucleotide which is com- 
plementary to and hybridizes with a portion of the 
second strand of the target nucleic acid polymer 
anH which is effective as a primer for enzymatic 
nucleic acid polymerization and a second attach- 
ment moiety different from the first attachment 
moiety and a plurality of second supports each 
comprising a solid matrix and at least one attach- 
ment site which is capable of immobilizing the 
oligonucleotide of the amplification probe through 
the second attachment moiety. 

27 A kit according to claim 26, wherein the 
attachment moiety and the attachment site are 
components of an affinity pair. 

28. A kit according to claim 26 or 27 wherein 
the affinity pair is selected from the group consist- 
ing of biotin/avidin. biotin/streptavidin. poly-dA/poiy- 
dT, poly-dG/poly-dC, hapten/antlbody and 



ding tc 



3f claii 



le potential nucleotide variation, 
xi according to claim 30 for fo- 
- for the analysis of hereditary 



a somatic rr 



33. The method according to claim 30 or 31 for 
e selection of cells and strains or species for 
ant an animal breeding or for the selection of 
icroorganisms displaying a desired genotype. 

34. The kit according to anyone of claims 16 to 



12 
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Fig 



- ' ' ^ «+-pns used in one embodiment of the 

The sequence of steps U5«a -u 

1 . cycle 

denaturation of target DNA 



annealing of primers 
(one with attachment group) 



1 



synthesis of new strands by 
DNA polymerase 

2. cycle 




n cycle 



collection of 
modified DNA 



denaturation of 
arnplified DNA 



annealing of 
sequencing primer 



sequencing reaction 
(DNA-pol, datTEP,. label) 



1 

(ddA) release of 

_ _ — (ddC) sequencing 

ZZZ (ddll reaction P 3 ^ 11015 
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